Executive Summary
The proposed process of using supercritical fluid extraction in conjunction with the Fischer-Tropsch slurry bubble column reactor has been examined using the ASPEN Plus ® simulator by the research group at North Carolina State University. Qualitative results have been obtained for varying the following process parameters: solvent-to-wax ratio, solvent type (pentane or hexane), extraction temperature and pressure, and recovery unit temperature and pressure. The region of retrograde behavior was determined for pentane and hexane. Initial results show hexane to be the superior solvent; compared to pentane, hexane requires lower quantities of solvent makeup (the amount of solvent which needs to be added to account for solvent that cannot be recycled), and also results in a lower average molecular weight of slurry in the reactor. Studies indicate that increasing the extraction temperature, extraction pressure, recovery temperature, or solvent to wax ratio decreases the amount solvent makeup required. Decreasing the recovery pressure was found to decrease the makeup flowrate.
Technical Objectives
The objective of this research project is to evaluate the potential of SCF extraction for separating the catalyst slurry of a Fischer-Tropsch (F-T) slurry bubble column (SBC) reactor into two fractions: (1) a catalyst-free wax containing less than 10 ppm particulate matter and (2) a concentrated catalyst slurry that is ready for recycle or regeneration. The wax will be extracted with a hydrocarbon solvent that has a critical temperature near the operating temperature of the SBC reactor, i.e., 200-300 o C. Initial work is being performed using n-hexane as the solvent. The success of the project depends on two major factors. First, the supercritical solvent must be able to dissolve the F-T wax;
furthermore, this must be accomplished without entraining the solid catalyst. Second, the extraction must be controlled so as not to favor the removal of the low molecular weight wax compounds, i.e., a constant carbon-number distribution of the alkanes in the wax slurry must be maintained at steady-state column operation.
To implement our objectives, the following task structure is being implemented: Modeling of hexane/hexadecanol will comm ence upon completion of experiments.
Task 3. Process Design Studies
Several parameters for the supercritical Fischer-Tropsch (F-T) extraction were studied using the Aspen Plus ® simulation program. Parameters studied included solventto-wax ratio, solvent type (n-hexane and n-pentane), extraction temperature and pressure, and recovery temperature and pressure. The solvent n-octane was also studied. However, not enough data was collected to make a comparison because difficulties were encountered in converging the runs. Steady state solutions for n-hexane and n-pentane were converged with both recycle of wax to the reactor and solvent to the extraction unit. A mixing unit and a flash unit were used to model the reactor, which was held at a constant temperature and pressure of 230 °C and 10 atm, respectively. The mixing unit combined a continuous Anderson-Schulz-Flory product distribution ( α=0.95 for nparaffins only) and the recycled product from the extraction unit. Two other flash units were used to model the extraction and the recovery of products. A makeup feed stream was required to maintain a constant solvent-to-wax ratio.
All simulations were modeled with the Redlich-Kwong-Soave (RKS) equation of state. The k ij values used for the runs were set to zero. Future plans involve using k ij values correlated to carbon number and temperature. Estimated critical constants (Tsonopoulos and Tan, 1993) were used for n-paraffins greater than C24. Antoine constants (Stephenson and Malanowski, 1987) were also added to the program.
The first series of studies involved finding the retrograde temperature region for the n-hexane and n-pentane solvents at a 20:1 solvent-to-wax ratio. This was done by selecting an extraction temperature and pressure and then raising the temperature in the recovery unit by increments of 5 °C. The pressure in the recovery unit was held at the same pressure as the extraction unit. If a retrograde region was observed, the extracted heavy waxes were selectively condensed in the recovery unit. The runs were compared by looking at the makeup flowrate required to maintain the 20:1 solvent-to-wax ratio. These differences may be attributed to the differences in the combination of extraction and recovery conditions.
For the sensitivity studies, AMWs do not change significantly (by more than 30) with changing extraction and recovery conditions. The largest increases in AMW are observed by decreasing the solvent-to-wax ratio. The lowest ratio (6:1) has an AMW of Table 4 . Results of varying the recovery pressure for n-hexane.
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Plans for Next Quarter
Phase equilibrium experiments on the hexadecanol/ hexane binary will be completed, and modeling of the hexadecanol/hexane data will commence. Further process design studies will include using n-heptane as the supercritical solvent.
Retrograde condensation conditions in the recovery unit will be studied using both increases in temperature and decreases in pressure. Also, for next quarter, we plan to look at the effect of a second recovery unit. 
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